umbilical artery blood obtained for blood gas analysis within 2 hours after delivery. A total of 1691 of these infants were delivered at term (≥37 weeks' gestation) and had development of respiratory symptoms during the immediate neonatal period that led to blood gas analysis.
Umbilical artery blood samples were drawn from a doubly clamped segment of cord into heparinized 3-mL plastic syringes, and these specimens were placed in ice for transport to the hospital laboratory. Blood gas analysis was immediately performed. The Corning Biomedical 278 and 288 (Corning Incorporated, Corning, NY); the Nova Biomedical Stat profile 5 and 9 (Nova Biomedical, Waltham, Mass); and the Radiometer ABL 620 (Radiometer America Inc, Westlake, Ohio) were used for blood gas analysis. Similar methods were used for blood gas analysis during the neonatal period. All the blood gas results were entered into a computer and linked into an on-line perinatal database that contained obstetric and neonatal information for all births during the study period.
Categoric data were analyzed with the χ 2 test. Comparisons were performed with a reference group of infants who never had acidemia according to either umbilical artery or neonatal blood gas analysis. Odds ratios and 95% confidence intervals were calculated by means of the Mantel-Haenszel method.
Results
The 1691 term infants with paired delivery and neonatal blood gas analyses included 36 twins (2%) and 77 singleton breech presentations (5%). Fifty-seven percent of the infants (n = 959) were male. Fifty-two percent of the mothers were Hispanic, 32% were black, and 14% were white. Forty-seven percent of the mothers were nulliparous, and the mean (±SD) maternal age was 24 ± 6 years.
As shown in Fig 1, the infants with acidemia were divided into groups A through C according to the direction of pH change after birth. Group A included 178 infants (11%) born with a pH of <7.20 and in whom pH remained at <7.20 within 2 hours after delivery. Group B included 110 infants (6%) born with a pH of ≥7.20 but in whom pH decreased to <7.20 during the immediate neonatal period. Group C comprised 594 infants (35%) who had a pH of <7.20 at birth but in whom pH had increased to ≥7.20 by 2 hours after birth. Infants who had pH values that were ≥7.20 at birth and remained so during the early neonatal period were selected for the reference group (n = 819; 48%).
Shown in Table I are intrapartum complications according to the direction of pH change after birth. Complications, which included postterm pregnancy, breech presentation, twin gestation, and chorioamnionitis (maternal fever ≥38°C), were not significantly correlated with the direction of blood pH change. Infants in group A, those who were born with acidemia and continued to have acidemia at 2 hours after birth, had a significantly decreased incidence of oxytocin for stimulation of labor (28% vs 36% in the reference group; P = .008). Infants in Group A also had an increased incidence of meconium (55% vs 36%; P < .001), and cesarean delivery for nonreassuring fetal heart rate pattern (31% vs 9%; P < .001) relative to the reference group. As shown in Table I , deterioration of pH during the neonatal period among infants delivered with pH values ≥7.20 (group B) was unrelated to intrapartum complications. Infants in group C, those who were delivered with acidemia and successfully resuscitated (neonatal pH of ≥7.20) were more frequently born to mothers with pregnancy-induced hypertension. Labor before delivery of infants in group C was also more often complicated by meconium-stained amniotic fluid, a prolonged second stage of labor, and cesarean delivery for nonreassuring fetal heart rate pattern.
Selected neonatal outcomes are shown in Table II . Sepsis, defined by positive results of blood cultures, was not significantly correlated with the pH study groups. Infants from groups A, B, and C were more frequently intubated in the delivery room (39%, 21%, and 19%, respectively, vs 13% in the reference group; P < .001) and were more likely to have seizures during the first 24 hours after birth (15%, 7%, and 3%, respectively, vs 1% in the reference group; P < .001). However, the incidence of respiratory distress, defined by mechanical ventilation within 24 hours after birth, was increased only in groups A and B (51% and 57%, respectively, vs 19% in the reference group; P < .001). Radiographically diagnosed meconium aspiration syndrome was also found more often among the infants in groups A and B (15% and 10%, respectively, vs 4% in the reference group; P < .001). Infants with major anomalies were significantly more common in group B (pH deterioration after delivery) than in the reference group (31% vs 14%, respectively; P < .001).
Depicted in Fig 2 are the odds ratios and 95% confidence intervals for respiratory distress, meconium aspiration syndrome, seizures, and corrected neonatal death rates according to the direction of pH change between delivery and 2 hours after birth. Respiratory distress was 4 or 5 times more likely among those infants with a pH of <7.20 in the immediate neonatal period (groups A and B), regardless of the pH at delivery. Similarly, meconium aspiration syndrome was 2-or 4-fold higher in groups A or B relative to infants with a pH of ≥7.20 both at delivery and in the neonatal period (reference group). Seizures were 13 times more likely to occur among those infants who were born with an umbilical artery pH of <7.20 and continued to have acidemia during the neonatal period (odds ratio, 13.0; 95% confidence interval, 6.3-26.7). The incidence of seizures among those infants who were delivered in good condition (umbilical artery pH of ≥7.20) but who had deterioration after delivery (group B) was approximately 6 times higher than in the reference group (odds ratio, 5.7; 95% confidence interval, 2.2-14.5). Those infants from group C who had an umbilical artery pH of <7.20 and were successfully resuscitated were 2.5 times more likely to have seizures during the first 24 hours after birth than were those in the reference group (odds ratio, 2.5; 95% confidence interval, 1.2-5.3). Neonatal death was 10 times more frequent among those infants who were born with acidemia that did not respond to resuscitation than it was in the reference group (odds ratio, 10.7; 95% confidence interval, 3.3-35.3), whereas those infants who had deterioration during the immediate neonatal period (group B) were 7 times more likely to die than were those in the reference group (odds ratio, 7.2; 95% confidence interval, 1.6-32.9). Finally, those infants who were born with acidemia but had a pH of ≥7.20 during the neonatal period (group C) were not at in- creased risk for death relative to those infants who never had acidemia (reference group).
Comment
This investigation was designed to analyze the prognoses of neonates with acidemia present at birth or developing within 2 hours after birth. Those infants who were born with acidemia and continued to have acidemia had the worst prognosis for morbidity and mortality. For example, the odds ratio for seizures among these infants was 13 relative to the reference group of infants who did not have acidemia either at birth or during the immediate neonatal period. In contrast, the odds ratio for seizures fell to 2.5 when acidemia at delivery had been corrected by 2 hours after birth. Infants who were born with nonacidemic pH values but had deterioration by 2 hours after birth had an intermediate risk of seizures (odds ratio, 5.7). We interpret these findings to indicate that poor condition at birth that persists into the immediate neonatal period and deterioration of pH after birth are both significant correlates of neurologic morbidity among term infants. Similar findings pertained when such other indexes as respiratory distress, meconium aspiration, and neonatal death were examined. Modanlou et al 4 described the pH trend during the first hour after birth in term infants born to mothers at normal and high risk. The pH normally increased from 7.20 at 4 minutes after delivery to 7.32 by 1 hour after birth. Similar observations were made by Holmqvist et al, 5 who found that mean umbilical artery blood pH decreased from 7.27 to 7.19 at 4 minutes after birth among preterm infants but subsequently increased to 7.25 by 30 minutes after birth. It therefore seems reasonable to accept a pH value of 7.20 during the first 2 hours after birth as the point below which an infant can be considered to have acidemia. These data were the basis for our selection of this threshold. Indeed, pH in most term infants in our study either improved or remained within the normal blood pH range after birth.
The condition of the neonate has increasingly been scrutinized in attempts to correlate intrapartum events with subsequent outcomes. It has been established that Apgar scores alone are unsatisfactory for defining birth asphyxia 6, 7 or predicting neurologic outcomes. [8] [9] [10] The results that we report here suggest that acid-base balance may deteriorate significantly during the immediate neonatal period and that the prognosis of infants with acidemia at birth is intensified when the acidemia persists through the first hours after birth. Conversely, correction of acidemia after birth seems to greatly improve infant prognosis relative to persistent or new-onset neonatal acidemia. On the basis of these findings, we propose that the direction of pH change from birth to the immediate neonatal period be considered in the evaluation of the prognosis for term infants who appear ill at or shortly after birth. 
